Introduction
With the development of automotive turbocharger, high efficiency, high pressure ratio and wide operating range are required by centrifugal compressor [1] [2] [3] . The compressor performances are important in turbocharging field because they determine the engine air supply. The most important component of centrifugal compressor is impeller [4] . Radial impeller has a wide application in diesel engine turbochargers [5] . With the development of impeller, more and more gasoline engines have installed turbochargers and the engine speed has been reaching more than 5000 rpm. In order to adjust the very wide range of engine speed, the selection of back swept angle has become the most important factor for impeller design.
Liam Barr and Stephen Spence [6] established radial impeller with 25° back swept angel, after the comparing the numerical analysis of 25° back swept blade with radial blade, it was concluded that 25° back swept blade offers significant increases of efficiency while operated at lower velocity ratios. The similar conclusion was drawn by Peng Sen and Yang Ce based on three-dimension Navier-Stokes equations about 30° and 45° angle impeller of a centrifugal compressor [7] , it was concluded that an appropriate angle can increase the range of a centrifugal compressor, improve the flow and enhance the isentropic efficiency. Hildebrandt and Genrup [8] gave a numerical investigation about the effect of different back swept impeller of a centrifugal compressor, result shows that the back swept angle provides a uniform flow pattern in term of velocity. The authors found that an appropriate angle will be beneficial to performance of centrifugal compressor. This paper adopts TurboSystem (a set of software applications and software features for designing turbomachinery in the ANSYS Workbench environment) to create the impeller flow field which is impellers with 0°, 2.5°, 5°, 7.5°, 10°, 12.5°, 15° and 17.5° back swept angles, and adopts CFX (a general purpose Computational Fluid Dynamics software) to simulate every impeller, compares and analyzes the results of flow field on different back swept angles through considering pressure ratio, isentropic efficiency, volume flow rate and Mach number.
Three-dimensional finite element model of impeller
The TurboSystem consists of Vista CCD, BladeGen and TurboGrid [9] [10] [11] . Vista CCD is integrated into ANSYS Workbench so that it may be used to generate an optimized 1D (one-dimension) compressor design before moved rapidly to a full 3D (three-dimension) model and CFD (Computational Fluid Dynamics) analysis. In Vista CCD dialog box, the input data can be specified on the Duty, Aerodynamic Data and Geometry [12] . The data is shown in Table 1 ; impellers with 0°, 2.5°, 5°, 7.5°, 10°, 12.5°, 15° and 17.5° back swept angles are obtained by changing the impeller outlet angle. After establishing the 1D model of impeller, we continue to create 3D model of impeller. BladeGen is a geometry creation tool for turbo machinery blade rows and we use it to create the 3D model of centrifugal compressor impeller. After creating model of impeller, we continue to generate the mesh of impeller. The geometry is exported through TurboGrid which is a powerful blade mesh tool. These meshes are used in the workflow to solve complex rotating blade passage problems. In order to save simulation's time, we use single leaf channel flow field [13] , the high-quality hexahedral meshes of impeller view is shown in Fig. 1 and the single leaf channel of impellers is shown in Fig. 2 . 
Simulation detail
The three dimensional numerical simulations to the air compressor are carried out by CFX [14] , which adopts a finite element based finite volume to solve the Navier-Stoker equations for a structured grid. The parameters of CFX basic setting are shown in Table 2 . The boundary condition consists of Inlet Temperature, Inlet Pressure, Mass Flow Rate and Compressor Speed; the parameters of boundary condition are shown in Table 3 . Numerical simulation of compressor impeller pressure ratio with different back swept angles (0°, 2.5°, 5°, 7.5°, 10°, 12.5°, 15°, 17.5°) can be gotten and the 0° back swept impeller is radial impeller [15] . Fig. 3 details the variation of pressure ratio of different back swept angles. From 500 rpm to 1500 rpm, all the curves of pressure ratio are increasing with engine speed; from 1500 rpm to 2500 rpm, all the curves of pressure ratio are decreasing with engine speed; more than 2500 rpm, all the curves of pressure ratio are increasing with engine speed. Back swept impellers deliver decrease in pressure ratio while operated from 500 rpm to 4500 rpm when compared to the radial impeller. Fig. 4 details the variation of isentropic efficiency of different back swept angles. From 500 rpm to 1000 rpm, all the curves of isentropic efficiency are increasing with engine speed; from 1000 rpm to 3000 rpm, all the curves of isentropic efficiency are decreasing with engine speed; more than 3000 rpm, all the curves of isentropic efficiency are decreasing with engine speed. At 1000 rpm of the en-gine speed, the isentropic efficiency of 15° back swept impeller is more efficient than the other impellers (more than the radial impeller 0.78%); at 2000 rpm of the engine speed, the isentropic efficiency of 2.5° back swept impeller is more efficient than the other impellers (more than the radial impeller 2.96%). The parameters of volume flow rate and engine speed for 0°, 5°, 10° and 15° back swept angles are shown in Table 4 .
From 500 rpm to 1500 rpm, the back swept angle impellers deliver an increase in volume flow rate when compared to the radial impeller. 
where c is the speed of sound in the gas. When the Mach number is less than 1.0, the flow speed is called as subsonic. At Mach numbers much less than 1.0, compressibility effects are negligible and the pressure variation caused by gas density can safely be ignored in flow modeling. When the Mach number approaches 1.0, compressibility effects become important. When the Mach number exceeds 1.0, the flow speed is called as supersonic. The shock wave is one of several different ways that supersonic flow gas can be compressed.
To each back swept angle, results are considered from the boundary condition of 3500 rpm engine speed. The shock wave is formed when fluid speed change faster than sound speed [17] . The result shows that shock waves are formed on splitter blade root when the back swept angle is increased. With the increasing of back swept angle, the scope of shock wave is widened. Shock wave significantly decreases the velocity at blade outlet. Shock wave can cause a loss of total pressure.
Conclusions
The present study was undertaken to analyze the performance of centrifugal compressor by using TurboSystem and CFX. We have simulated the flow about compressor impeller at different back swept angles, there are five conclusions:
1. Compared to the radial impeller, the back swept angle impellers deliver decrease in pressure ratio, that is to say, back swept impellers don't amplify pressure ratio of centrifugal compressor.
2. Compared to the efficiency of radial impeller, the back swept impellers offer an increase in isentropic efficiency while operated from 1000 rpm to 2000 rpm. Draw a conclusion, that is, back swept angle impeller can improve the centrifugal compressor isentropic efficiency less than 2000 rpm engine speed.
3. Compared to the radial impeller, the back swept angle impellers deliver increase about volume flow rate while operated less than 1500 rpm engine speed.
4. At 3500 rpm engine speed, shock waves are formed on splitter blade root when the back swept angle is increased. The total pressure of compressor is influenced by the shock wave. Shock wave can cause a loss of total pressure.
5. As shown in Table 4 and Fig. 5 , we find an appropriate back swept angle can improve the volume flow rate of blade and enhance the outlet velocity of compressor.
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